The increasing worldwide incidence of extensively drugresistant tuberculosis (XDR-TB) has emerged as a threat to public health and tuberculosis (TB) control. Treatment outcomes have varied among studies, and data on long-term survival are still scarce. Objectives: To retrospectively assess the burden, clinical characteristics, treatment outcomes, and long-term survival rate of patients with XDR-TB in a cohort of patients with HIV-negative multidrugresistant tuberculosis (MDR-TB) in South Korea. Methods: Medical records were reviewed of patients newly diagnosed with or retreated for MDR-TB from 2000 to 2002. The cohort was monitored for 3 to 7 years after the initiation of treatment. Initial treatment outcomes and cumulative survival rates were analyzed, and predictors of treatment success and survival were defined. Measurements and Main Results: Of 1,407 patients with MDR-TB 75 (5.3%) had XDR-TB at treatment initiation. The default rate was high (453/1,407; 32%), and patients with XDR-TB had lower treatment success (29.3 vs. 46.2%; P 5 0.004) and higher all-cause (49.3 vs. 19.4%; P , 0.001) and TB-related disease mortality (41.3 vs. 11.8%; P , 0.001) than other patients with MDR-TB. The presence of XDR-TB significantly affected treatment success (odds ratio, 0.23; 95% confidence interval [CI], 0.08-0.64; P 5 0.005), all-cause mortality (hazards ratio, 3.25; 95% CI, 1.91-5.53; P , 0.001), and TB-related mortality (hazards ratio, 4.45; 95% CI, 2.48-8.00; P , 0.001) on multivariate analyses. Conclusions: XDR-TB occurred in a substantial proportion of patients with MDR-TB in South Korea, and was the strongest predictor of treatment outcomes and long-term survival in patients with MDR-TB. Adequate TB control policies should be implemented to prevent the further development and spread of drug resistance.
bacillary resistance to both ofloxacin and kanamycin (9) (10) (11) . The different results seem to be due to the heterogeneity of patients' clinical characteristics and severity of illness, according to institutions responsible for TB treatment. In South Korea, the majority of patients with MDR-TB are treated in (1) the two national TB hospitals (as a public sector), (2) the 76 university or tertiary-care hospitals (as a private sector), or (3) the nine Korean National Tuberculosis Association (KNTA) chest clinics (between public and private sectors) (12) . An investigation of the status of XDR-TB in South Korea should be conducted in a representative sample of the patients of these three categories of institutions.
Treatment outcomes of XDR-TB have varied among studies (3, 6, 10, (12) (13) (14) (15) (16) . One European study showed a 39% success rate, which is lower than the treatment success rate of MDR-TB with bacillary resistance to all first-line drugs (15) . Another study showed the risk of death to be five times higher in patients with XDR-TB than in patients with MDR-TB (16) . The effect of XDR-TB on long-term survival has not been determined.
Recently, we performed a large survey to determine the status of MDR-TB and XDR-TB in South Korea, and we assessed the effect of XDR-TB on treatment outcomes and long-term survival of MDR-TB. Preliminary results were presented at the Fourth South Korean-Swiss Biomedical Symposium in 2007 (17) .
METHODS Study Participants and Data Collection
Patients newly diagnosed with, or retreated for, MDR-TB from January 2000 to December 2002 were retrospectively evaluated. A total of 1,407 patients with culture-proven MDR-TB were enrolled from all national TB hospitals, all KNTA chest clinics, and eight randomly selected university hospitals near Seoul. Medical records were reviewed for patients' demographics, TB treatment history, comorbidities, acid-fast bacilli (AFB) culture and drug susceptibility test (DST) results, chest radiographs, and treatment modalities and outcomes. On the basis of the WHO guidelines, patients were registered into one of three categories: (1) no history of previous TB treatment, (2) history of TB treatment with first-line drugs only, and (3) history of TB treatment with second-line drugs (19) , with the history of treatment defined as 1 month or more. All study patients were monitored for 3 to 7 years after treatment began. The most recent information on vital and health status was obtained from the death registry of the Korea National Statistical Office as of December 2005 and the Internet-based Korea TB Surveillance System as of March 2006 (19) .
This study was approved by the Institutional Review Board of the Asan Medical Center and other institutions.
AFB Cultures and Drug Susceptibility Tests
Sputum specimens were examined microscopically with Ziehl-Neelsen staining, and cultured on egg-based Ogawa medium. DSTs for isoniazid, rifampicin, ethambutol, pyrazinamide, streptomycin, kanamycin, cycloserine, p-aminosalicylic acid, prothionamide, and ofloxacin Values are number (%) or mean 6 SD and (range). * BMI is calculated as weight in kilograms divided by the square of height in meters. † Statistical comparison of data was performed using Fisher's exact test. ‡ ''Other'' included chronic lung disease (n 5 9), chronic renal disease (n 5 4), hypo-or hyperthyroidism (n 5 5), connective tissue disease (n 5 3), psychiatric disease (n 5 5), malnutrition, and postgastrectomy state (n 5 14).
were performed at all six participating laboratories. (See the online supplement for details.) Enviomycin/capreomycin susceptibility was determined at the Korean Institute of Tuberculosis (KIT), which is a Supranational TB Reference Laboratory, and one private laboratory. The proportion method was used for DST at the KIT, and pyrazinamide susceptibility was determined using the pyrazinamidase test (9) .
Definitions of Study Measures
XDR-TB. XDR-TB is defined as MDR-TB with bacillary resistance to both (1) ofloxacin and (2) one of the second-line injectable drugs (kanamycin, capreomycin, or enviomycin).
Treatment outcomes. We used the six treatment outcome categories recommended by the WHO (cure, treatment completion, transfer out, default, death, and treatment failure) (18) in addition to ''short-term treatment completion.'' The duration of adequate treatment was defined as 18 months or more and 12 months or more after culture conversion. The definition of short-term treatment completion was applied to patients who met all of the following criteria: (1) inadequate treatment duration but duration of more than 6 months, (2) more than three consecutive negative cultures before treatment completion, and (3) treatment completion by a doctor based on favorable treatment response. Treatment success was defined as the sum of cure, treatment completion, and short-term treatment completion. As recommended by the WHO, all treatment outcomes were based on AFB culture results (18) .
Radiographic severity. Radiographic severity was estimated by using the recommendations of the National Tuberculosis Association of the United States (20) .
Statistical Analysis
Chi-square tests, Fisher's exact tests, Student's t tests, and Mann-Whitney U tests were used for univariate analyses, and logistic regression and Cox regression were used for multivariate analyses. Cumulative survival was compared by using the Kaplan-Meier method with the log-rank test. SPSS software (SPSS, Inc., Chicago, IL), version 13.0, was used for all analyses, and P , 0.05 indicated statistical significance.
RESULTS

Patient Demographics
Of 1,407 patients with MDR-TB, 75 (5.3%) were defined as having XDR-TB; these patients included 40 from national TB hospitals (11.1%, 40/360), 20 from KNTA chest clinics (2.4%, 20/836), and 15 from private university hospitals (7.1%, 15/211). The mean age was 42.9 years (range, 13-89), the male to female ratio was 2.8:1, and mean body mass index (BMI) was 19.2 kg/m 2 (range, 12.0-32.0). HIV-ELISA tests were conducted on the 66 (4.7%) patients with clinically suspected MDR-TB, and one patient was seropositive. Comorbidities were found in 300 of 1,407 (21.3%) patients, with diabetes mellitus being the most common (17.0%). Extrapulmonary TB was observed in 53 (3.8%) patients, with the pleura being the most frequently involved site (45.3%, 24/53). Positive AFB smears at treatment initiation were observed in 958 (68.1%) patients.
When compared with other patients with MDR-TB, the mean age was significantly higher in patients with XDR-TB (47.8 6 15.5 vs. 42.6 6 14.8 yr; P 5 0.003), as was history of previous TB treatment with second-line drugs (35.6 vs. 12.2%; P , 0.001), the percentage with two or more previous TB treatments (47.7 vs. 26.7%; P , 0.001), the percentage with advanced disease (50.7 vs. 31.9%; P , 0.004), and the percentage admitted at treatment initiation (60.8 vs. 28.0%; P , 0.001) ( Table 1) .
Drug Resistance Rate
DSTs for enviomycin and capreomycin were performed in 1,002 and in 25 patients, respectively. The resistance rates in all drugs were significantly higher in patients with XDR-TB than in other patients with MDR-TB ( Table 2) . For definition of abbreviations, see Table 2 .
Treatment Modalities
Values are median (range) or number (%). * Mann-Whitney U test was used for comparison of the number of drugs used. † Drugs with unknown activity included drugs with unclear TB efficacy (clofazimine and amoxicillin/clavulanate) and TB drugs with unknown DST results (amikacin, moxifloxacin, and rifabutin).
‡ Potentially effective drugs included either ''previously unused and active drugs'' or ''previously unused and activity-unknown drugs.''
x Statistical comparison of data was performed using Fisher's exact test.
active drugs (P , 0.001). Surgical resection was performed on 60 (4.3%) patients in the entire cohort, without a statistically significant difference in the rates between patients with XDR-TB and those with MDR-TB (P 5 1.000) ( Table 3) . .5% (7/93) of the patients who completed treatment, and 12.6% (15/119) of the patients who completed short-term treatment (P 5 0.294). The relapse rate was higher in patients with XDR-TB (13.6%) than in other patients with MDR-TB (8.8%), but the difference was not statistically significant (P 5 0.436) ( Table 4) .
Treatment Outcomes and Predictors of Treatment Success
When the outcomes were compared between patients treated medically and those treated medically and surgically, adjunctive surgical treatment imparted a higher treatment success rate in other patients with MDR-TB (68.3%, 41/60, vs. 44.2%, 596/1,347; P , 0.001) and a higher but not statistically significant rate in patients with XDR-TB (66.7%, 2/3, vs. 27.8%, 20/72; P 5 0.204).
In multivariate logistic regression analysis, treatment success was inversely associated with a BMI less than 18. Table 5) .
Survival Analysis and Predictors of Mortality
Death was the initial treatment outcome in 144 patients, and 151 additional deaths occurred during the 3 to 7 years of (Tables 6 and 7) . XDR-TB was the strongest predictor of both all-cause and TB-related mortality, and survival curves showed higher cumulative mortality in patients with XDR-TB than in other patients with MDR-TB (P , 0.001) (Figure 1) . Even if the survival analysis was restricted to younger patients (age <40 yr), XDR-TB and lower BMI were statistically significant predictors: the hazards ratio of XDR-TB was 3.82 (95% CI, 1.13-12.89; P 5 0.031) for all-cause mortality and 5.60 (95% CI, 1.89-16.61; P 5 0.002) for TB-related mortality, and the hazards ratio of a lower BMI was 2.26 (95% CI, 1.01-5.08; P 5 0.048) for all-cause mortality and 3.51 (95% CI, 1.39-8.84; P 5 0.008) for TBrelated mortality. (See the online supplement for details.)
DISCUSSION
Although this study was retrospective, it is the largest report that we know of that compares patients with XDR-TB with other patients with MDR-TB to determine the impact of XDR-TB on treatment outcomes and long-term survival in mostly HIV-negative patients with MDR-TB. Our study largely adopted the WHO-recommended definitions of XDR-TB, case registration, and treatment outcomes (7, 18) . The overall treatment success rate was less than 50%, and the treatment success rate in patients with XDR-TB was only 29%. In addition, the high default rate (32.2%) indicates that the TB control program in South Korea should be reevaluated. We found that XDR-TB was the strongest predictor of treatment failure and long-term mortality in a substantial proportion (5.3%) of patients with MDR-TB.
In South Korea, the proportion of MDR-TB among new cases of TB increased from 1.6% in 1994 to 2.7% in 2004 (21), which is a major threat to public health. Since the U.S. Centers for Disease Control and Prevention and the WHO reported that 15% of South Korean patients with MDR-TB had a diagnosis of XDR-TB, on the basis of the original definition (6), three new reports have estimated the burden of XDR-TB in South Korea. Their estimates range from 1.4 to 23% (9-11) on the basis of limited data from individual treatment institutions. In contrast, the patients in our study were recruited from all national TB hospitals, all KNTA chest clinics, and a fraction of university hospitals, and were estimated to include one-third to one-half of all patients with MDR-TB whose disease was newly diagnosed or who had been retreated in South Korea between 2000 and 2002. Thus, we believe that our study results are closer to the real status of patients with MDR-TB and XDR-TB in South Korea.
The overall treatment success rate (45.3%) of patients with MDR-TB in our study was similar to that in another South Korean report (48.2%) (9), but lower than the 51-77% rates in other reports (10, (13) (14) (15) (22) (23) (24) . Also, the 29.3% treatment Definition of abbreviations: AFB 5 acid-fast bacilli; BMI 5 body mass index; CI 5 confidence interval; HR 5 hazard ratio; TB 5 tuberculosis; XDR 5 extensively drug-resistant.
Values are number (%) or mean 6 SD. * HR for all-cause mortality.
success rate of patients with XDR-TB in our study was much lower than the 39-54% rates in European and other South Korean studies (10, 15) . In multivariate analysis, XDR-TB was the strongest negative predictor of treatment success; in combination with the high default rate, XDR-TB probably contributes to the low rate of treatment success in patients with MDR-TB in South Korea. Adjunctive surgical resection and fluoroquinolone use are reported to be associated with improved outcomes in patients with MDR-TB. Chan and colleagues (13) reported that 92% of 108 patients with MDR-TB who underwent surgical resection had an initial favorable response. Surgery was associated with a nearly fivefold increase in the odds of initial favorable outcome and increased long-term survival. Although only 60 (4.3%) patients in our study had surgical resection, we determined through multivariate analysis that it is the only positive predictor of treatment success in XDR-TB treatment, with treatment success rates greater than 65% in patients with XDR-TB and other patients with MDR-TB. Considering the difficulty in managing patients with MDR-TB and XDR-TB, surgical resection should always be considered an important option. Unfortunately, the number of surgeons who are experienced in MDR-TB surgery is decreasing. In one report, the complication rate for MDR-TB surgery was 22.8% and the treatment failure rate was 27.8% (25) , which suggests that the proper selection of patients is also important to lung resection results. Because almost all our study patients had received fluoroquinolones or injectable drugs at least once during their course of treatment, outcomes could not be compared between those patients who did and those who did not use fluoroquinolones or injectable drugs.
Information about the long-term mortality of XDR-TB and its effect on patients with MDR-TB is still scarce. In one European study, patients with XDR-TB had a fivefold higher risk for death and needed longer hospitalization and duration of treatment (16) . However, the data were derived from only 11 patients with XDR-TB among the 124 patients with MDR-TB, and patient follow-up was relatively short. Our study had 75 patients with XDR-TB who were monitored for 3 to 7 years, and approximately 50% died during follow-up. The 50% mortality rate is not too different from the 5-year mortality rate in South Indian patients with TB who were not treated with TB drugs (26) , which confirms the poor prognosis of XDR-TB despite treatment. Patients with XDR-TB had 3.3-and 4.5-fold greater risks than other patients with MDR-TB for all-cause and TBrelated mortality, respectively, and XDR-TB was the strongest predictor of long-term mortality in patients with MDR-TB, even in patients younger than 40 years, in multivariate analysis.
Obese and overweight (BMI >25 kg/m 2 ) individuals have been reported to be at significantly lower risk of developing active TB than normal-weight individuals (BMI, 18.5-25 kg/m 2 ) (27) , and a cholesterol-rich diet has been reported to accelerate bacteriologic sterilization in pulmonary TB (28) . On the basis of the findings in our study and others, we believe that nutritional status is another important predictor of treatment outcomes and long-term survival of patients with MDR-TB.
Treatment outcomes of patients with XDR-TB seem to be negatively affected by HIV coinfection (29, 30) . In KwaZulu For definition of abbreviations, see Table 6 . Values are number (%) or mean 6 SD. * HR for tuberculosis-related mortality.
Natal, South Africa, 52 of 53 HIV-positive patients with XDR-TB died within a median of 16 days after being tested for TB (3, 29) . South Korea has been a low HIV-burden country (31, 32) , with a reported HIV prevalence below 0.1% in adults aged 15-49 years (33) . According to the Korea Centers for Disease Control and Prevention, only 77 of 152,887 patients diagnosed with TB between 2001 and 2005 were confirmed to have HIV during a mean follow-up of 2.6 years (32). HIV-ELISA tests were conducted on 66 (4.7%) patients in our study, with 1 patient being HIV positive and the other 1,341 patients not suspected of being infected. Considering the HIV situation in South Korea, the treatment outcomes in our study largely reflect the experience of HIV-negative patients with MDR-TB. Although the outcomes are poor, they are better than those of HIV-positive patients in other countries with MDR-TB and XDR-TB.
To date, six categories have been defined for MDR-TB treatment outcomes (18, 34) . These definitions are designed for national TB-control program management and evaluation rather than for individual clinical care and may need to be modified in diverse clinical settings. In our study, an arbitrarily added outcome category, ''short-term treatment completion,'' included a nonnegligible proportion (8.5%) of study patients. Without this category, these patients would have been assigned to the ''default'' outcome because their treatment duration and AFB culture results did not fit the criteria for ''cure'' or ''treatment completion.'' We believe that patients who completed short-term treatment patients should be distinguished from defaulted patients because the definition of short-term treatment completion was applied to patients for whom the treatment was completed by doctors and was based on favorable clinical and microbiologic responses. In our study, the relapse rates were 8.2, 7.5, and 12.6% in cured patients, patients who completed treatment, and patients who completed shortterm treatment, respectively, but the rate did not differ significantly (P 5 0.294). The clinical courses of patients with MDR-TB who completed treatment are variable and there are no proven best treatment regimens: the time to culture conversion is widely variable, and MDR-TB treatment is occasionally completed by short-course, first-line drug treatment only (35) . Thus, more studies are needed to correctly define the treatment outcomes for patients with MDR-TB. If the category of shortterm treatment completion had not been used in this study, the treatment success rates would be 36.8% in patients with MDR-TB and 17.3% in those with XDR-TB, and the default rates would be 40.7% in patients with MDR-TB and 28.0% in those with XDR-TB.
This study has several limitations that are inherent to retrospective studies. First, most information was obtained from medical records, which limited our choice of predictors of treatment outcomes and survival. For example, radiographic severity was estimated by the findings on simple chest X-rays alone, and all TB drug information could not be obtained from some patients, especially in the remote history of their treatment. Only some study patients had undergone lung resectional surgery, and surgical indications were not clearly defined, although localized disease with adequate lung function was the general indication for resectional surgery for patients with MDR-TB. If surgical resection had been used more often to manage patients with MDR-TB, it might have been a more important predictor of treatment success and long-term survival. Second, the definition of XDR used in this study was not fully consistent with the WHO-recommended definition. DSTs for amikacin and other fluoroquinolones except ofloxacin were not performed, and capreomycin susceptibility testing was performed in only a minority of study patients. Thus, the actual burden of XDR-TB might be underestimated in this study. Third, the quality of DSTs was not strictly controlled, and double-checking of DST was not performed. Although more than 70% of DSTs were performed at a Supranational TB Reference Laboratory, in which the internal and external quality control programs are adequate, the other tests were not quality controlled as recommended by the WHO. The other laboratories had their own internal and external quality-control programs, such as an external quality-control program of the College of American Pathologists or irregular interlaboratory proficiency testing with the KIT. Fourth, the data presented in this study were not derived from nationwide representative sampling. However, our study patients were recruited from all the institutions that are primarily responsible for treatment of MDR-TB in South Korea, so the results are likely to be closer to the real situation of MDR-TB and XDR-TB in South Korea than are previous results. Fifth, too many patients (32.2%) were categorized as having the ''default'' outcome to get enough information to assess actual treatment outcomes, especially in terms of treatment failure and relapse. Hence, we tried to analyze the second treatment outcomes of these defaulted patients. However, most of the initially defaulted patients defaulted again, and only a minor proportion (1.8%, 8/453) of patients completed treatment.
Despite these limitations, to our knowledge, this study is the largest one on MDR-TB and XDR-TB. Present in a substantial proportion of HIV-negative patients with MDR-TB in South Korea, XDR-TB is the strongest negative predictor of treatment success and long-term survival. This study confirms the importance of establishing adequate TB control programs to reduce defaulted patients. Effective TB control practices should be implemented to prevent the development and spread of MDR-TB and XDR-TB in South Korea.
